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(57) Abstract 



An adsorbent material comprises a composite of an inorganic gel such as silica gel and an organic polymer such as 
chitosan, the polymer being uniformly distributed throughout the gel. As part of the composite, a polymer placed in an en- 
vironment in which it is normally soluble may be held in an insoluble state, and used for adsorption of pollutants from ef- 
fluent or potable water. 
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COMPOSITE ADSORBENTS 

* 

The present invention relates to compositions of matter for use as 
> adsorbents or ion exchange materials. 

Natural polymers such as chitosan, starch and alginic acid are useful 
adsorbents and ion exchangers in that they possess hydroxyl, amino 
or carboxyl groups which are all useful sites for adsorption or 
exchange. However the accessibility to these sites is generally 
poor because the compact structure of the polymer prevents diffusion 
of large ions. In addition they lack mechanical strength and 
appropriate form for use in industrial processes. Porous inorganic 
materials such as silica gel and silica alumina possess high surface 
areas and additionally have a form and mechanical strength appropriate 
to industrial use, but lack the adsorptive capacity of many polymers. 

Organic polymers have been coated onto solid supports to improve 
their mechanical strength and accessible surface area. For example 
chitosan has been coated onto diatomaceous earth for effluent 
treatment processes . 

However such coating processes do not make use of a large proportion 
of the available surface area of the porous support because the 
polymer solution, by virtue of viscosity, cannot penetrate the fine 
pores of the support. 

The object of the present invention is to provide improved adsorbent 
materials which possess good mechanical strength, good accessibility 
to adsorption sites and high adsorptive capacity. 

According to the present invention there is provided an adsorbent 
material comprising an inorganic gel and an organic polymer, wherein 
the polymer is uniformly and intimately distributed throughout the 
inorganic gel. 
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The present invention also provides a process for preparing a 
composition as defined in accordance with the invention, which process 
comprises forming an unstable inorganic sol which has dissolved 
therein an organic polymer, mixing vigorously and allowing or causing 
the unstable inorganic sol to gel entrapping the polymer therein. 

Examples of inorganic gels for use in the present invention include 
silica gel, silica alumina gel or alumina gel. Formation of an 
unstable sol is conveniently accomplished by adding an acid such as 
sulphuric, nitric, hydrochloric, acetic or formic acid to a suitable 
precursor such as sodium silicate or in the case of silica alumina 
adding a solution of sodium aluminate to a solution of sodium silicate 
Alternatively the unstable sol may be formed by taking a freshly 
prepared gel and by vigorous mechanical action reducing this to 
colloidal dimensions . 



Examples of organic polymers for use with the invention include starch, 
dextran, chitosan, carboxymethyl cellulose, sodium carboxymethyl 
cellulose, polyvinyl alcohol, agar, agarose, carrageenan, gelatin, 
sodium alginate or albumin. 

The organic polymer is added prior to the conversion of the inorganic 
sol into a gel, the addition being made at a point where the pH is 
appropriate to avoid precipitation of the polymer. Thus the polymer 
may be mixed with a precursor of the sol, such as sodium silicate or 
sodium aluminate, or with the sol itself. Organic polymers or salts 
of polymers which are soluble in alkaline solution such as starch or 
sodium alginate may be added conveniently to a precursar of the sol, 
whereas other polymers which are only soluble under neutral or acidic 
conditions are added to the unstable inorganic sol prior to gelation. 

It is preferred that the composition contains between 5 and 50% by 
weight of the organic polymer. 
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Preferably the composition is allowed to age for between 2 and 48 
hours before being broken and washed. During this time the strength 
of the inorganic gel increases- The material may be used without 
drying but a stronger product is obtained if it is dried before use. 
Drying is conveniently undertaken by heating between 50 and 100° C 
for example at 80°C. 

In a first embodiment of the invention a solution of sodium silicate 
is added to a solution of sulphuric acid such that the pH is in the 
range 5 to 7 after the addition. Before the sol thus formed gels, 
a solution of a polymer soluble under acidic conditions, such as a 
solution of chitosan in formic acid is added with vigorous stirring.. 
The intimate mixture is then allowed to gel to a continuous mass. 
This is aged for a period of up to 48 hours after which it is broken 
through a sieve into water, washed and dried. 

In a second embodiment of the invention a solution of a polymer 
soluble in alkali such as a solution of starch is added to a solution 
of sodium silicate and thoroughly mixed. A solution of sodium 
aluminate is then added with stirring and the intimate mixture is 
allowed to gel to a continuous mass. The gel is aged for up to 
48 hours after which it is broken through a sieve, washed and dried. 

The particle size of the material after drying may be conveniently 
controlled by selection of the dimensions of the sieve through which 
the wet gel is broken. 

During the course of work on the present invention I have found that 
when the material of the invention is treated with a solution of 
ammonium hydroxide before or after drying the adsorption capacity 
towards metal ions in solution is considerably increased. 

A particular benefit of the material according to the present 
invention is that a polymer which is normally soluble in water may 
be held in an insoluble state in an aqueous environment. Thus, 



BNSDOCID: <WO BQOflfiOQAl I > 



# 



PCT/GB89/00245 




- A - 



for example, sodium carboxymethyl cellulose may be used for water 
treatment since when combined intimately with for example silica gel 
according to the present invention it is held within the rigid 
structure of the inorganic gel such that little leaching occurs with 
time. Where the material must be used in an aggressive environment, 
for example at elevated temperatures, the organic polymer may be 
cross-linked within the structure by for example treatment with a 
solution of formaldehyde or glutaraldehyde , though such treatment will 
reduce the adsorptive capacity. 

Compositions according to the invention have application in liquid 
effluent treatment, for the removal of heavy metals and other toxic 
materials, in the treatment of potable water, in separation processes 
and ion exchange, and in biocatalyst and heterogeneous catalyst 
support . 

The invention will be further apparent from the following examples :- 



EXAMPLE 1 



To a solution of formic acid (20 ml formic acid in 200 ml water) was 
added slowly with stirring, 200 ml of 50% commercial sodium silicate 
(29. 9% Si0 2 ). To this was added 100 ml of a solution of 4% chitosan 
in water containing 4 ml formic acid, the addition being completed 
within 3 minutes. The mixture was stirred vigorously for 2 minutes 
then allowed to stand while a gel formed. After 24 hours the gel 
was broken, washed and dried to yield 60 g of a composite which had 
a pore volume of 0.36 ml/ml, or 0.32 ml/g, a density of 1.14 g/cm 3 , 
a surface area of 150 m 2 /g, and a high adsorption capacity for dyes 
and organics such as phenol. 
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EXAMPLE 2 



20 g of starch was dissolved in 200 ml of boiling water and the 
solution was cooled. This was added to a stirred solution of 36 ml 
of sodium silicate in 100 ml water. Stirring was continued while 
3.9 ml cone, sulphuric acid in 100 ml water was added. After 
1 minute stirring was discontinued and a gel formed which was aged 
for 24 hours before being broken, washed and dried. Microscopic 
examination of the material stained with iodine showed that the 
composite gel was homogeneous- The material actively removed metal 
ions such as copper and chromium from solution. 



10 g of starch was dissolved in 100 ml boiling water and the solution 
was cooled. This was added to a solution of 36 ml sodium silicate 
in 200 ml of water and the solution was stirred while 16.4 g of 
sodium aluminate in 200 ml water was added. Stirring was stopped 
to allow gelation and the cogel was aged for 12 hours. The gel was 
then broken, washed and dried. This composite could be used under 
more alkaline conditions than that of Example 2. 



80 ml of 50% sodium silicate was stirred while 1.6 ml cone, sulphuric 
acid in 100 ml water was added. To the stirred mixture, 40 ml of 
ovalbumin was added and stirring continued for 5 minutes. Gelation 
took several hours after which the gel was aged for a further 48 hours 
before being broken, washed and dried to produce an albumin/ silica 
gel composite which actively adsorbed proteins. 



1.952 1 of formic acid was added to 20.870 1 of water. A second 
solution comprising 10.1 1 of sodium silicate and 8.696 1 of water 
was added to the first over a period of minutes with vigorous 
stirring. To this was added a solution containing 417.5 g chitosan 



EXAMPLE 3 



EXAMPLE 4 



EXAMPLE 5 
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xn 11.305 1 of water and 417.5 ml formic acid and vigorous stirring 
continued for 8 minutes. The mass gelled within 30 minutes and was 
aged for 48 hours after which it was broken through a 5 mm sieve 
into a 3% solution of ammonium hydroxide. The broken gel was allowed 
to stand in this solution for 24 hours before being washed and dried 
After drying the material had a particle size of approximately 2 mm. 



EXAMPLE 6 



A column 2.5 cm in diameter and 56- cm long was packed with the material 
of Example 5 and a solution containing 10 milligram/litre of lead was 
was passed through the material at 15'C. The effluent from the 
column was analysed and found to contain less than 1 microgram/litre 
of lead. Similar results were obtained for aluminium. 



EXAMPLE 7 



A sample of the material prepared in Example 5 was placed in a 1% 
solution of copper nitrate at 15°C. The solution was analysed before 
and after equilibrium adsorption. The adsorption capacity for copper 
was 160 mg Cu per g chitosan. Using an acidified solution of copper 
sulphate the adsorption capacity was similarly measured at 175 mg Cu 
per gram chitosan. 



EXAMPLE 8 



A solution of 5 g sodium carboxymethyl cellulose in 100 ml water was 
added to a solution containing 100 ml sodium silicate and 84 ml water 
Thxs was added with vigorous stirring to 200 ml of 10% formic acid 
After gelation the mass was allowed to age for 48 hours and then 
broken into 1.5 Z ammonium hydroxide. After standing in this solution 
overnight it was washed and dried. 
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EXAMPLE 9 

A sample of the material of Example 8 was placed in a 1% solution of 
copper sulphate and the solution analysed before and after equilibrium 
adsorption. The adsorption capacity for copper was found to be 
187 mg/g polymer. 
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CLAIMS 



1. An adsorbent Serial comprising an inorganic gel and an organic 
polymer, wherein the polymer is unif«™i J - organic 
«-u u Polymer is uniformly and intimately distributed 

throughout the inorganic gel. scriouted 

2 A material according to Claim 1 wherein the inorganic gel is 
of silica, silica alumina or alumina. 

starch A IT' 1 T rdin8 " ^ 1 Wh6rein ^ P«^« is 

sodium algilt^r ' agar ° Se ' ""^™> ^ 

4 A material according to Claim 1 wherein the organic polymer 
comprises between 5 and 50% by weight of the material. 

5. A process for preparing a material as claimed in anv of ^ 
claims which comprises for**™ v d ln any of the Preceding 

dissolved t h. S UnStablS ~1 which has 

dissolved therein an organic polymer, mi.ing vigorously and allowing 

therir" in ° r8aniC C ° - -lymer 



added t PrOC£SS a " 0rdinS C ° ^ 5 Wherein thS **y»* 
added to a precursor of the inorganic sol. 

added t T eSS aCC ° rdinS C ° Clalm 5 Wherein the ****** PO^er is 
added to the inorganic sol before gelation. 

8- A process according to Claim 5 wherein the gel is subsequently 
allowed to age for between 2 and 48 hours. * 

IrezZZZ aCC °T g C ° 5 Wh6reln ^ ±S ^™ly 

created with ammonium hydroxide. 

10. An adsorption process utilising an adsorbent material as 
hereinbefore described. 
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